A circular DNA molecule was isolated from chloroplasts of Chorella eHlipsoidea. The DNA had a buoyant density of 1.695 grams per cubic centimeter (36% GC) and a contour length of 56 micrometers (175 kilobase pairs). The restriction endonuclease analysis gave the same size. Agarose gel electrophoretic patterns of chloroplast DNA digested by several restriction endonucleases were also presented. The digestion by the restriction enzymes, Hpall, Mspl, SmaI, and XmaI revealed no appreciable methylation at CG sites in chloroplast DNA.
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The green alga represented by the genus Chlorella includes species that differ considerably in biochemical and physiological characteristics (11) . The GC content of the DNAs from different species ranges from 43 to 79% (7) . Hybridization of DNAs from different species of Chlorella to one another indicate that there are several distinctively different groups of species within this genus (10) . In contrast, studies on cp DNAs' from different strains of Chlorella by means of thermal denaturation and renaturation kinetics showed that this genome was quite homogeneous within this genus (2) and similar to those of other algae such as Chlamydomonas and Euglena (1) . Recently, the cp DNAs of Chiamydomonas reinhardii (14, 15) and of Euglena gracilis bacillaris (5) have been characterized. Both cp DNAs were physically mapped with restriction endonucleases and some specific genes (e.g. rRNAs, etc.) were located on these maps. The cp DNA of Chlamydomonas was also shown to be methylated during certain stages of the life cycle of this alga (16) . The cp DNAs of these two algae are physically organized quite differently. This raises the question as to the organization of other algal cp DNAs such as those from the genus Chlorella.
Recently, Yamada and Sakaguchi (25) induced protoplast formation in Chlorella species and discussed the possibility of isolating intact chloroplasts and cp DNA from the protoplasts. The present study includes the isolation of an intact circular cp DNA of C. ellipsoidea C-87, the measurement of its buoyant density (GC content) and contour length (mol wt), and some restriction endonuclease fragment patterns. This is the first report of the intact isolation of cp DNA from Chlorella. (22) .
RESULTS
Isolation of cp DNA. DNA prepared from protoplasts of C. ellipsoidea showed two UV absorbing bands in neutral CsCl density equilibrium gradients (Fig. la) less than 1.700 g cm-3 accounted for about 8% of total DNA. When DNA was prepared from isolated chloroplasts, the band at the lower density accounted for more than 85% of total DNA (Fig.  lb) suggesting that it be identified as cp DNA band. Although the band of cp DNA was greatly enriched (about 10 times), the DNA of the higher density could not be completely eliminated even by the treatment of chloroplast preparations with DNase (13). For restriction endonuclease analyses, the cp DNA fractions were repurified by ultracentrifugation in CsCl gradient.
Characterization of cp DNA. The buoyant densities of the cp DNA and nuclear DNA in CsCl equilibrium density gradients were found to be 1.695 ± 0.002 g cm3 and 1.717 ± 0.002 g cm3, respectively (Fig. 2) . The density of cp DNA corresponds to GC content of 35.7% (in molar percent) in the DNA (21) which is comparable to that of cp DNAs from higher plants and several algae (8) . Electron micrographs of the cp DNA isolated by CsClethidium bromide ultracentrifugation (13) revealed circular molecules and linear fragments (Fig. 3a) ; most circles were in the open configuration and some were supercoiled. In Figure 3b , the contour lengths of several circular cp DNA molecules from C. ellipsoidea are given in pBR322 units (4,362 base pairs) (22) . From these determinations, the population of the cp DNA circles appeared to be uniform in size. The mean length was calculated as 40 pBR322 units which corresponds to 56 ,um, 175 kilobase pairs, or 115 x 106 daltons. The size was also determined by restriction endonuclease analyses where the cp DNA was digested with KpnI, SstI, XhoI, KpnI + SstI, KpnI + XhoI, and SstI + XhoI (Fig. 4) .
A list of DNA fragments including their sizes and stoichiometries is given in Table I . The largest size (about 170 Kbp) obtained with SstI agrees with the size of cp DNA determined by electron microscopy.
Restriction Endonuclease Patterns of cp DNA. Since the intramolecular heterogeneity of cp DNA from Chlorella strains was known (1, 2) , the fragment patterns of cp DNA from C. ellipsoidea produced by the digestion with several restriction endonucleases were studied. Figure 5 shows the restriction patterns of the cp Recently, DNA modification in eukaryotes, such as the methylation of C residues, has been demonstrated and discussed with respect to its significance (4) . For the green alga Chiamydomonas reinhardi, the methylation of cp DNA is known to play an important role in the maternal inheritance ofchloroplast (18) . Therefore, the cp DNA of Chlorella was tested for the methylation of C residues. Figure 6 shows a comparison of the restriction fragment patterns with SmaI, XmaI, HpaII, and MspI, which were used to probe for methylation of DNA (16, 26) . If the methylation at the internal CG sites of cp DNA occurs, SmaI which recognizes the sequence of CCCGGG and HpaII (CCGG) would not cleave the DNA in contradistinction to their isoschizomers XmaI and MspI, respectively. Inasmuch as most band patterns were the same between the isoschizomers (Fig. 6) , methylation at the CG sites was very rare if they occurred. On the other hand, the isoschizomers gave different band patterns, when the nuclear DNAs of C. ellipsoidea were digested. This indicated a low level of methylation at the CG sites.
DISCUSSION
The cp DNA from C. ellipsoidea is a large circular molecule with a buoyant density of 1.695 g cm-3 (36% GC). In this respect, it is similar to those reported for several higher plant and algae (8) . However, the size of the cp DNA of C. ellipsoidea (175 kilobase pairs, 115 x 106 daltons) is considerably larger than those of higher plant whose mol wt are reportedly, at most, 100 x 106 daltons (8); one exception is the cp DNA of duckweed Spirodela oligorrhiza which was reported to have a size of 115 to 120 x 106 daltons (23) . In algae, Euglena gracilis (Euglenophyceae) and Vaucheria sessilis (Xanthophyceae) possess a very small cp DNA (8) . Chlamydomonas reinhardii as well as C. ellipsoidea (Chlorophyceae) seems to have larger cp DNAs; the size of C. reinhardii cp DNA is 126 x 106 daltons (14) . The size variation of cp DNAs from various origins may have some evolutionary significance. In this connection, DNA from cyanelles of Cyanophoraparadoxa has a size of 110 x 106 daltons, though its buoyant density is very high (1.716) (9) .
Restriction endonuclease analyses of the Chlorella cp DNA revealed that the sites for some enzymes such as BamHI (GGATCC) and SailI (GTCGAC) were significantly fewer than expected (Fig. 5) . PvuI (CGATCG) and BclI (TGATCA) did not digest the cp DNA (data not shown). This may be due to modifications at these sites or to a nonrandom base arrangement of the cp DNA. The methylation of the C residue of cp DNA such as reported for C. reinhardii (18) might occur in C. ellipsoidea, though methylation of the internal CG sites of the sequence CCGG or 94 YAMADA CCCGGG was absent in the Chiorella cp DNA. Methylation at The cp DNA used mn this study was isolated from nonsynchronother DNA sites might have taken place. Indeed, methylation ously and photosynthetically growing cells of C. ellipsoidea; it will enzymes were isolated and characterized in C. reinhardli (19, 20) , be interesting to compare the present results with those of cp DNA one of which existed in vegetative cells and was specific to the from cells at various growth phases in synchronous culture or base sequences TCG, TCC, and TCA. from cells growing under different conditions (heterotrophically
